The rate of desorption of chemisorbed chlorobenzene molecules from the Si(111)-7×7 surface, induced by non-local charge injection from an STM tip, depends on the surface temperature. Between 260 K and 313 K we find an Arrhenius thermal activation energy of 450 ± 170 meV, consistent with the binding energy of physisorbed chlorobenzene on the same surface. Injected electrons excite the chlorobenzene molecule from the chemisorption state to an intermediate physisorption state, followed by thermal desorption. We find a second thermal activation energy of 21 ± 4 meV in the lower temperature region between 77 K and 2 260 K, assigned to surface phonon excitation.
Keywords: desorption; non-local manipulation; scanning probe microscopy; surface chemistry Atomic manipulation in the scanning tunnelling microscope (STM) provides the potential to create and control nanoscale architectures. A thorough knowledge of the manipulation mechanisms at play is essential to realizing this potential. Recently a set of "non-local" reactions has been achieved on various surfaces; [1] [2] [3] [4] [5] [6] [7] [8] [9] [10] [11] [12] [13] they are non-local in the sense that molecules far from the tip respond. The chlorobenzene/Si(111)-7×7 system has been used for the elucidation of atomic manipulation mechanisms by both our group and others. 4, 11, [14] [15] [16] [17] [18] [19] [20] [21] Here we demonstrate that non-local desorption of the molecules by electron injection depends on the surface temperature. The emerging picture is of "concerted" (i.e., thermal plus electronic) desorption, via electronic excitation of the chemisorbed chlorobenzene molecule to an intermediate physisorbed state from which thermal desorption occurs. This is the inverse of the mechanism of one-electron-induced C-Cl bond dissociation in the same molecule, wherein thermal excitation to the intermediate physisorbed state is followed by electron-induced bond dissociation. 4, [22] [23] Moreover, the non-local behaviour in our new mechanism couples quantum charge transport to the concerted molecular dynamics. condition (+1.0 V, 300 pA) before and after the injection were compared and analyzed.
The drift was corrected in the data analysis by the program. Å, as indicated in Figure 1 , due to the presence of the suppression region at small radius. Below 50 Å desorption is suppressed by the tip itself; this will be the subject of a future paper. It is evident for Figure 2 that the non-local desorption ratio increases as the temperature increases. The change in decay length of the non-local desorption with temperature, which relates to the charge transport process, is beyond the scope of this work and will be discussed in a future paper. Since there is a clear temperature dependence of the non-local desorption process in Figure 2 , we present in Figure 3 an Arrhenius plot of the desorption data from Figure   2 (and other temperatures), integrated across the radial range up to 200 Å. The data in can be compared and contrasted with the previously reported thermally enhanced electron-induced bond dissociation process for the PhCl/Si(111)-7×7 system in the STM. 4 In that scheme the molecule is first excited thermally to the intermediate physisorption state from the chemisorbed state, then C-Cl bond cleavage in the physisorbed state is induced by the captured electron. The principle difference between the two electron-driven processes, i.e., thermally assisted desorption and thermally assisted dissociation, is which stage is thermally activated and which is induced by electron capture, thus leading to the quite different thermal activation energies. Moreover we deduce that electron attachment to the proposed intermediate physisorbed state does not couple efficiently to the desorption channel, so that desorption requires the thermal excitation step identified here, whereas dissociative electron attachment to physisorbed molecules is well established in the literature. [29] [30] Detailed mechanistic studies of the physisorbed species stabilized at very low temperature would be instructive. Theoretical treatments of the non-adiabatic dynamics of the PhCl molecule in both the physisorbed and chemisorbed state on In the lower temperature region (77 K to 260 K), the rate of non-local desorption increases rather slowly as the temperature increases, exhibiting a small activation energy of 21 ± 4 meV. This energy is much lower than the binding energy of the chemisorbed chlorobenzene molecule (~980 meV). 4 However, it is quite close to the energy of surface phonons at adatom sites on the clean surface, which lie between 24 
